PREFACE
The author wishes to thank R. M In such receivers the mixer is often the major generator of intermodulation distortion, because its signal handling ability is relatively low.
Furthermore, if preamplifier stages are used to achieve a low noise figure,
the signal levels applied to the mixer are correspondingly large.
Diode mixers exhibit intermodulation phenomena which have never been explained satisfactorily, and the related problem of selecting diode and circuit parameters to minimize intermodulation has not been investigated. It has been known for many years that the IM output level of a mixer usually, but not always, decreases with an increase in LO level, and that nulls in the IM output level sometimes occur at specific values of LO level or dc bias. Beane [1] and Graham and Ehrman [21 explain why some of these " , phenomena occur, but do not explain why they sometimes do not. Similarly
Lepoff and Cowley [3] and Tou and Chang [4] describe techniques to reduce IM distortion in mixers, but do not address the greater problems of analysis and design for minimal IM. This paper will present theory which reproducesthese phenomena with high accuracy, and will identify diode and circuit parameters which minimize mixer IM.
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Many useful techniques for analyzing nonlinear circuits, such as the Volterra series, assume weak nonlinearities and relatively small applied voltages (i.e. a small-signal, quasi-linear assumption). Unfortunately, these assumptions are violated by diode mixers, which have a very strong exponential nonlinearity and one signal, the local oscillator (LO), which may be several orders of magnitude larger than the other signals. Even with techniques which do not require a small-signal quasi-linear assumption, such as that of Ushida and Chua [5] , the presence of one signal much larger than _he others may introduce numerical problems. One way to circumvent these problems is to treat the pumped diode as a time-varying, weakly nonlinear device. Orloff [6] 
3.
Use the first-order voltages as excitations to determine the second-order voltages.
4.
Use the first-and second-order voltages to determine the third-order voltages.
Steps and 2, are simply the conventional diode mixer analysis. The process co-:d be continued for higher order IM components. * Figure 2 shows the arge-signal equivalent circuit. The diode junction current 1%.', and capacitive charge Q(V') are given by the well-known
where i r! is the diode's reverse saturation current, C is the zerovoltage juncticn catacitance, and 6 is the built-in voltage, q is the electron charge, F is Boltzmann's constant, T is absolute temperature, and 77 is the idealitv fact or.
Eq. (2)
implies that the epilayer doping is Large-signal mixer equivalent circuit ,
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The large signal analysis of the diode under LO excitation only is performed first, via any method which does not involve limiting assumptions (e.g.
[13]). It is henceforth assumed that the LO waveforms I (t), V (t), and is the small-signal junction voltage, which includes the IM components and linear terms, but not the LO voltage. For two-tone distortion,
where wj is the LO fundamental frequency. Usually, but not necessarily, 
Eqs. (4) and (5) 
Limiting consideration to third-order IM components,
.' th . - where v (t) is the n order IM voltage, the sum of the frequencies of n any n first-order junction voltages. The differential equation describing
Substituting (6) through (10) into (11) and separating gives the equations for first, second, and third-order products L-
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where I I and I are the first-, second-, and third-order load Li' L2' L3 currents, respectively. linear circuit so v2(t) and iL 2 (t) can be found by conversion matrix analysis in the same manner as iLl(t) and v 1 (t).
The third-order IM products are found analogously through the circuit in Figure 4 (c).
The small-signal linear mixer analysis gives v 1 (t): cause interference, and are needed to find the third-order IM components.
They will be designated by "a" and "b" subscripts, respectively. Then
The frequencies kwdp + c w 2 may also be of concern; thev can be found 
Using (17)- (20), Figure 4 (a), and (13), the excitation current components are i2a (t- 
1 m n 
and similarlv for I2b*
The vectors of output I currents, I and ILf .L2a are found from a straightforward conversion matrix analysis of Fig. 4b : 
. The components of V3 (t) and vl(t)v 2 (t) at these frequencies are Again, the coefficient is 3/8 instead of 1/8 because there are three identical terms in the q,r suniation. was realized in microstrip on a 0.025" alumina substrate.
The diode was a silicon Schottkv-barrier beam-lead device, Alpha model no.
DM.36777
Its parameters were R -6. 
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is achieved with short-circuit embedding impedances and heavy LO pumping
The variation in IM level with LO level in many cases has multiple nulls.
This phenomenon is a manifestation of the fact that the excitation currents i Figure 4kb ) and 4(c) are not a single sinusoid, but a spectrum of components, related in phase, each downconverted to the same IF. These IF current components experience phase cancellation at certain LO levels. This phenomenon is sensitive in some degree to virtually all mixer and diode parameters, so it is questionable whether it can be used in practice to reduce IM levels significantlv. The drop in conversion loss with increase in 77 may be surprising.
For a conjugate-matched diode, conversion loss rises with LO power above the optimum LO level, in this case 0 dBm, because the junction conductance pulse is longer than optimum. Low 77 gives a longer conductance pulse, for a given LO level, than does high 77 . Therefore, the mixer achieves a given
.'
value of conversion loss at a lower LO level for low 77 than high. The noise temperature is, as one might expect, significantly lower for low 77 than for , "high
77
Conc l usions
This report has shown that intermodulation in diode mixers can be predicted wi .-. high accuracy.
Intermodulation is most strongly related to the speed of the diode's transition between hard conduction and nonconduction, the magnitudes of its junction voltage IM components, and the magnitude of its embedding impedances.
The results indicate that the most significant parameter affecting mixer IM performance is LO level. However, high LO level alone is not sufficient to achieve low intermodulation; it is necessary to optimize all mixer diode and circuit parameters. The best IM % performance is obtained by using a high-quality diode with low junction capacitance and series resistance. Embedding impedances should be short circuit:s, and dc bias should be used. Image enhancement must be used with care.
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